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CHAPTER I 


INTRODUCTION 


Background 


Inventory - "Goods or stock; an itemized list of goods 
with their estimated worth.''* To the farmer, crops in the 
fields represent inventory. In broader terms, inventory con- 
notes not only the finished goods awaiting shipment by a 
manufacturer, but also machines, machine parts, tools, per- 
sonnel, trucks, cash and auxiliary equipment. Within re- 
tailing organizations, the term "inventory" specifically 
applies to saleable merchandise located in the warehouse or 
on the salesfloor. Inventory, then, is a term that means 
many things to many people, but to the farmer, the manufac- 
turer, and the retailer, it always equates to one common 
denominator - money. Efficient inventory management adds to 
profits; conversely, inefficient inventory management adds 
to expense, thereby reducing profits. 

Every retail busSiness carries an inventory which is 
quite dynamic. Its level changes daily, depending on the 
relationship of that day's sales to the receipt of goods. 
Depending on the type of business in which the retail firm 
is engaged, the material costs of inventory, i.e. the cost 
of goods sold, represent 50 to 90 percent of the total cost 
of doing business.> Because of the dynamic nature of a 


ReEerences at end. 





retailer's inventory, coupled with its prominence as a major 
total cost factor, a large measure of a firm’s success will 
depend upon just how efficiently inventory is managed. 

Many successful managers with a sensitive "feel" for 
the cyclic trends of their business have managed inventories 
on an intuitive basis. They know from long experience "when" 
and "how much"! to order so as to maintain a relatively low 
inventory, while at the same time avoiding a "not in stock" 
position most of the time. However, "intuitive" management 
of today's giant retail operations carrying as many as 
500,000 SKU’s (stock keeping units)” of merchandise is just 
as much out of the question as it would be for a commercial 
pilot to fly a modern jet transport "by the seat’ of his pants." 
Though effective in past years, these holdovers of a bygone 
era of merchandising have found their effectiveness gradually 
diminishing as they competed with a new type of manager who 
understood and applied scientific management techniques. 

The foregoing statement is not intended to imply that 
experience and sound judgement can be wholly supplanted by 
Scientific methods. They cannot. Rather, there must be a 
logical blending of a veteran manager’s knowledge gained 
through experience, with the new management techniques and 
devices available to him, to provide a system Superior to 
that of either when taken separately. The judicious blend- 
ing of experience with scientific methods of handling inven- 
tory furnish management with an extremely valuable and indis- 


pensable tool - scientific inventory control. 





It is, indeed, unfortunate that the retail trade has 
been far less receptive toward adoption of the "formula 
approach" of doing business than their prime suppliers, the 
manufacturers. Cost control in the manufacturing industry 
Became a recopn2zed tool an realizing vast economies in mass 
production of consumer goods in the early 1900's. Se eval 
as 1926, a few far-sighted experts were writing about inven- 
tory management formulas in trade journals.° Although 
adopted by a few equally far-sighted retail managers, the 
scientific approach which they expounded was largely ignored 
by those schooled in the traditional way of thinking that in- 
Moelveent decasions involving anventories could be madeusolel, 
on the basis of hard earned knowledge, gained through long 
apprenticeship in the retail trade. 

It is a paradox that in time of war, a country's re- 
Sources are wasted On a grandrose scale yer. sat soe same 
time, the pressures of wartime shortage bring about develop- 
ment of new theories and techniques which tend to offset 
this ianherent waste. AS a prime example, World War II pro- 
duced a new scientific discipline known as "Operations re- 
search'', a discipline which has for its purpose the optimiza- 
tion of resource use, or as stated by Jenny, "Operations 
research is optimizing the performance of a system. This re- 
GQuires the application of scientific methods, techniques and 
tools." 

In the post-war years, men trained in scientific caicae 


eplicasimrused Doth industry and the: retazl trade with their 





newly perfected scientific techniques and tools. Perhaps the 
pressure brought about by the narrowing profit-expense gap, 
due in large measure to the entry of the Discount Store on 
the retailing scene, served as a much needed catalyst to 
bring about universal acceptance and adoption of scientific 
methods in retail operations. Retailers were forced to 
break with many traditional practices and become increasingly 
more efficient in order to prevent a steady decline of pro- 
mets . 

Since inventory costs make up such a large percentage 
of the total cost of doing business, inventory management has 
proven to be a fertile field in which to realize significant 
economies for the firm. As more "intuitive" managers have 
come to realize the benefits accruing from application of 
scientific methods, scientific inventory management has be- 
come solidly entrenched in the business practices of large 
retail operations. Today, with the advent of the electronic 
computer and compact, relatively inexpensive data processing 
systems, coupled with newly developed inventory control tech- 
niques for both machine and manual application, it is in- 
creasingly apparent that the inventory management problem 
can be solved by companies of virtually any size utilizing 


scientifically based techniques.°® 


What is Scientific Inventory Management? 


In the preceding section, the term "scientific inven- 


tory management'' was introduced along with "scientific 





inventory control."' Both terms are used interchangeably by 
various authors in the literature dealing with this important 
functional area.” Both refer to the application of scientific 
techniques in the solution of a variety of inventory manage- 
ment problems. In essence, these techniques involve quanti- 
fication of decision parameters and routine utilization of 
basic mathematical formulas in arriving at the most economi- 
cal solution to a given inventory problem. 

As stated by Brown, +? "An inventory-control system is 
a coordinated set of rules for answering routinely the ques- 
tions of when and how much to order, and for calling atten- 


tion to the non-routine situations that the rules do not 


cover," 


The Navy Exchange Program. 


In the rather prosaic wording of the Navy Exchange 
Manual, the mission of the Navy Exchange is as follows:*+ 
"To provide a convenient and reliable source from 
which authorized patrons may obtain, at the low- 
est practicable cost, merchandise and services 
required for their well-being and contentment; 
To provide through accrued profits a source of 
funds to be used to supplement funds appropriated 
for the welfare and recreation of Naval personnel; 
To promote the morale of the command in which 
established through the establishment of a well 
Mawaeed. atitactamemand hiphiy Serviceaple store.) 
Therein lie the same basic reasons for establishing any 


civilian retail operation - the profit motive and an intent 


to provide desired merchandise and/or services. In concept, 





the Navy Exchange Program, which is made up of 169 individual 
Exchanges, can be likened to a Sears and Roebuck or J. C. 
Penney operation which is tailored to serve the needs of the 
Navy Community, both in the United States and overseas. 
During fiscal year 1964, aggregate sales volume of the 
Exchanges totalled $368,432,000.00, of which sales in the re- 


le Service de- 


tail departments amounted to $210,211,000.00. 
partments such as gas stations, restaurants, laundries, vend- 
ing machines, etc. contributed the remainder of $158,221,000.00. 
The record volume of annual sales realized in fiscal year 

1964 places the Exchange Program epue among all retail organi- 


te This information is provided for 


zations in the country. 
the sole purpose of viewing the operation of the Exchange Pro- 
gram in its proper perspective; that of a giant among the 
country's retail organizations. Inventory control methods, 
which have proven worth to large civilian retail’ organiza- 


tions, must be equally beneficial when applied in the Navy 


Exchanges. 


Scientific Inventory Management In The Navy Exchange Program. 


Although service to its patrons is the prime consider- 
ation in a Navy Exchange, the need to produce a profit is 
only slightly less important.?* Contrary to popular belief, 
Exchange operations are not subsidized through funds appro- 
priated by Congress. Funds required for the financing of 
new facilities and remodelling of old, as well as working 


capital needs are drawn from the operation itself, without 





recourse even to commercial bank loans. Although exigencies 
of the service may dictate that a particular department of 
the Exchange operate at a loss, the overall operation must 
produce a profit. Furthermore, it must produce a profit 
each month rather than simply on an annual basis. In order 
to fulfill its mission, therefore, each Navy Exchange must 
strive for maximum efficiency of operation. And the key to 
efficient inventory management lies in the routine implemen- 


tation of scientific inventory management methods. 


Purpose 
The purpose of this thesis is two-fold. First, the 


scientific basis of inventory management decision-making is 
investigated through the use of mathematical models. In 
particular, the traditional questions posed in any retail 
operation of "When do I order?', and 'tHow much do I order?" 
will be answered by means of a thorough analysis of the Re- 
order Point formula and the Economic Order Quantity (EQQ) 
Concept. Second, an extremely useful but little known de- 
vice for inventory managers called the Optimal Policy Curve 
will be developed, and its applicability to the Navy Exchange 


Program investigated. 


General Discussion 
Mic tenon eC ONOmic JOrader Gquantity’ and "optimal order 
quantity" will be used extensively throughout subsequent 


chapters. Although these terms would appear to have the same 





connotation, in fact they do not. The difference goes beyond 
mere semantics. The EOQQ order policy has but one objective - 
to optimize, i.e. minimize, the total variable cost of inven- 
tory management. => iimeceoOnplisning this Ob jJECtCiVe,  OL_Lhen 
important factors such as availability of adequate warehouse 
space and staffing requirements of the purchase functions are 
ignored. Merchandise is ordered in quantities dictated by 
the EOQ formula. The order quantity is solely a function of 
order cost, inventory carrying cost, and annual item sales, 
and does not operate within any limits of practical con- 
straints in regard to acceptable inventory levels or total 


orders processed annually. Expressed mathematically: 
QRamne Colo 


The penalty paid for cost optimization through application of 
the EOQ Concept is loss of flexibility in a firm's order 
policy. 

On the other hand, the goal of the optimal order 
policy 1s to minimize total variable inventory management 
costs under imposed restraints of working inventory level 
and/or total number of orders the firm is capable of proces- 


a In a typical situation in which an Ex- 


Sing annually. 
change iS operating on a monthly arder cycle, adoption of an 
EOQ order policy would undoubtedly result in total variable 
cost reductions, but probably at the expense of an increase 


in inventory level. If the Exchange is hampered by inadequ- 


ate storage space to begin with, the expected savings imputed 





to an EOQ order policy would be offset by increased deterior- 
ation of merchandise through damage, higher shrinkage rates, 
etc. These factors are not taken into consideration in a 
straightforward application of the EOQ formula. 

The optimal policy seeks the optimum relationship be=- 
tween working inventory level and numbers of orders proces- 
sed annually within practical limits imposed by the reality 
of the situation. !’ The reader must understand the underly- 
ing significance of the difference between these two order 
policies, and the terms used in describing same, if he is to 
derive any benefit from the treatment accorded them in Chap- 
mers Ikki and IV. 

The material contained within this thesis will hope- 
fully serve to bridge the gap between operating instructions 
found in the Navy Exchange Stock Control Handbook and the 
Navy Exchange Manual, and the basic mathematical models and 
formulas from which these instructions evolve. In order to 
Be understoca ang properly carried cutyat the working Lever 
instructions governing the application of scientific inven- 
tory control procedures must be simple and precise. ie 
stock clerk who must determine daily the order quantity of 
a hundred or more SKU's cannot, and will not, concern himself 
with the subtleties of the EOQ concept, nor with the statis- 
tical reorder point. It is sufficient that he carry out by 
rote the step-by-step procedures to be followed, as for ex- 


ample those outlined on page II=-17 of the stock control 


Lo 


handbook*® - to wit; when the stock balance of item X drops 


to level Y (reorder point), procurement action must be initi- 
ated for Z units (order factor table quantity) of item X. 

In all probability, the average stock clerk will fol- 
low the handbook ‘procedures mechanically with an admirably 
low incidence of errors and a not so admirable, and even 
lower, level of comprehension of the significance of his 
actions. Accuracy in making hundreds of daily postings to 
stock cards and in carrying out simple additions and sub- 
tractions is the prime requisite of an efficient stock clerk. 
However, at the supervisory and managerial levels, it does 
not suffice to have total recall of each printed word in the 
handbook if such complete familiarization of stock control 
procedures is not accompanied by a reasonable understanding 
of the theory involved. Subsequent chapters of this thesis 
will explore the mathematical theory that provides the "why 
we do it" answer to the "what do we do?'! question. 

The scope of scientific techniques discussed in this 
thesis is limited to management of the staple item portion of 
BmNiav ys EXC Namee sinVvenEony. these are the si temsewnie meance 
warehoused, and for which there is a year-round demand. Al- 
though there is some over-lap in techniques employed, scien- 
tific inventory management methods applicable to the control 
of fashion goods, "fad" items, or merchandise of a seasonal 
nature differ considerably from the techniques investigated 
herein. They are sufficiently diverse to provide ample sub- 


ject matter for a separate study. 





i 


In arriving at the choice of this particular thesis 
topic, the author attempted to direct his efforts toward a 
management functional area which, though explored in trade 
journals and management texts of recent years, has been 
glossed over too lightly by the vast majority of retail man- 
agers. Because of his close association with the Navy Ex- 
change Program, the author is familiar with the daily prob- 
lems encountered in inventory management. Like his civilian 
counterparts, he has made all too many decisions based upon 
an "intuitive feel for the problem" which came from consider- 
able - and frequently painful - experience in a Similar sit- 
uation. How much better these decisions would have been, had 
the author been more familiar with the scientific techniques 
explored in this thesis, is a matter of conjecture. Let it 
suffice to say that he has learned much of value in his re- 
search on this subject which he hopes to pass on to others 
interested in the area of scientific inventory management. 
In particular, the author would hope that the subject matter 
of this thesis will be of some benefit to all Navy Exchange 
Managers, and to other Navy Supply Corps Officers, who, like 
himself, have a continuing interest, not only in the Navy 


Exchange Program, but in all management areas. 





CHAPTER S(t 
BASIC PRINCIPLES OF INVENTORY CONTROL 


Maximize Effectiveness of Control Effort. 

In a typical Group VI Navy Exchange?”, aS many as 
5,000 SKU's of merchandise are warehoused, and an additional 
5,000 or more items are transferred directly to the sales- 
floor after receipt and pricing have been accomplished. It 
should be obvious, even to a person completely unfamiliar 
with the science of inventory control, that equal attention 
cannot be given to the management of each of these units of 
inventory. A year’s sales of white 27 inch shoe laces might 
amount to less than $10.00, whereas Pall Mall cigarettes 
alone might generate sales in excess of $100,000.00 per annum. 

Indeed, it has been determined that in a typical ci- 
vVilian retail operation, up to 80% of the annual dollar usage 
(sales) in a given inventory is concentrated in 25% of the 
items carried in aeyerike A similar distribution pattern 
holds true within Navy Exchanges, as illustrated by the dol- 
lar sales - number of items carried relationship at the Navy 
Exchange, NAB Little Creek, Vaan plotted neha c uaemelel — ee 
Inventory items have been divided into three classes, A, B, 
and C. This is an adaptation to retailing of the "ABC in- 
ventory system' frequently encountered in manufacturing--. 


By utilizing this simple method of classification, an inven- 


tory control system can be designed to concentrate control 





lee 


FIGURE U -| 


Distribution of Inventory Items by Dollar Value of Sales 
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effort on the area in which it will be most effective. The 
'must'' and 'tnever out"! lists published for use in Navy Ex- 
changes~* are analogous to classes A and B respectively, 
while all other merchandise carried by Exchanges could be 
considered as falling into the category of class C items. 

In an inventory such as that depicted in Figure [I-1, 
an improvement in efficiency in managing the top 20% of dol- 
lar value items would produce a 50% greater cost savings than 
an equal improvement in efficiency in handling the remaining 
80% of the stock. Maximum effort must therefore be applied 
to the high dollar usage merchandise in order to minimize 
inventory management costs. In short, the limited amount of 
available control effort must be allocated selectively so 
that funds expended on individual unit control will be in 
proportion to its importance. The greater the sales poten- 
tial, profit contribution potential, service provided to the 
patron by the item, or inventory investment in the item, the 
greater the degree of management control effort allocated to 
Pe. 

This concept of applying inventory management funds 
to those items which will produce the greatest return is 
basic to the successful operation of any business enterprise, 
yet it is frequently ignored by some managers who tend to 


give to each item of merchandise the same degree of attention. 


The Dual Problem of Stock-out And Overstock. 
Every retail manager has been confronted on countless 


occasions with the twin nightmares of stockouts in some items, 





iS 


and a glut in others. Although a perfect remedy for these 
two serious inventory problems will never be attained, an 
effective inventory control system will greatly reduce their 
frequency of occurrence. Because of their deleterious effect 
on service and sales, stock-outs normally create the more 
serious problems. However, extreme cases of across-the-board 
overstocking can lead to disastrous financial problems if 


not remedied in time. 


The Inventory Cycle. 


Every inventory model is made up of three basic func- 
tions; procurement, storage, and isSue (usage). Figure II-2 
illustrates an inventory cycle with constant demand (sales) 
and leadtime, in which the purchase quantity "'q'' is received 
just as the last item of inventory has been issued or sold. 
The inventory level at time, t = 0 is therefore q. Issues 
are made from inventory at a constant rate to meet demand, 
represented by the slope of the line Y¥,X5- When the level 
of inventory drops to a pre-determined point R (reorder point), 
the quantity q is ordered from the supplier. The stock on 
hand at the reorder point is calculated to cover usage re- 


quirements during lead time and the time t, represents the 


1 
leadtime for the particular item being ordered. Usage con- 
tinues at a uniform rate until at t = t, the supply is de- 
pleted, the shelf is empty, and the stock card records a 
zero balance. At that instant, the purchased quantity 


arrives. Once again, inventory jumps to a level of q units 


(or dollars) and the cycle is repeated. 
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FIGURE It-2 


An Inventory Cycle Illustrating Constant Demand 
and Leadtime 
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iiemateadyvectate cycle depicted an Figure li>zedea. 
not accurately represent the dynamics of a real business in- 
ventory. However, its study is useful in illustrating the 
basic mechanics of an inventory cycle. The quantity (q/2), 
called the working inventory, appears frequently in formulas 
discussed in later sections of this thesis. It differs from 
the average inventory level by an amount equal to the safety 
SHOCK « 

Since the idealized behavior of the inventory model 
meraneayed 1n Figure Fl=2e@OGsumoLeoccur in practice a. conc- 
what more sophisticated approach is taken in the model shown 
in Figure II-3. Usage rates, indicated by the slopes of the 
lines Yy Xo» Y5 X2, and Y¥2X, vary, 21? 


typo and ty 3- During the second time period, an increasewin 


as do the leadtimes t 


Moagce rate Coupled with aw lonveretpanwexpected, [eager ema 
pRoduced a Stockout. 

lin anyere tan) DUuSiIneSsSer crviltan O72 mt ligeaeyeeietictec 
feweconsideraple variation in demands, Jhzs 1S particularly 
true in Navy Exchanges serving fleet units or Air Squadrons 
which deploy on fleet exercises several times a year, and 
often on very short notice. Some variation is also experi- 
enced in leadtime although for the most part it is relatively 
Sila tee oP re Vd OUS hy BexDiat ied vart tatdOnS inv ei ther dWsoace 
or leadtime, or both, can lead to stockouts. Sance stockouts 
are a prime source of lost sales and patron dissatisfaction, 
Mich siitictmebemt re Orously avorded-. Ihe Gbyi1ous Solution tosthe 
problem lies in adding a cushion of extra stock, called safety 


stock, or buffer stock, to the working inventory. 
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In Figure II-4, varying leadtimes are combined with 
widely fluctuating usage. However, the addition of a safety 
stock has effectively prevented stockouts. The inventory 
model depicted in Figure II-4, though somewhat simplified, 
graphically iallustrates the inventory cycle in a typical 
Exchange for one SKU of merchandise. Its salient features 
are the safety stock, average inventory, working inventory, 
order quantity, reorder point, leadtimes and usage rates. A 
useful mental classification of these factors is to consider 
the first five as dependent variables, whereas leadtime and 


usage rates are controlling or independent variables. 


Working Inventory. 


The average of a variable, INV, which can be considered 
to be dependent upon time t, is obtainable for any form of 
the function from the relation 


Ts, 
Le INV dt 
1 


INV 2 SSS Il-l 
wes = (II-1) 
2a 


This relation corresponds to the definition of the 
“integrated average" of a function. If we assume that the 


variable INV is a linear function of time, 


INV = a..+-a,t , (Gure2) 
and if we consider time to start at zero, i.e. Ty = 0, then 
Jo 
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iMtreoeltmiesimemabove Expressionmover the limags 


w= 0 LO t = T° we get, 


a 
a gt + = Te? a4 
a eee ee. oT! (II-4) 
ave. T - QO 


Thies AS Tine snthegrated “averazgeminventory value ove: 
the time interval of zero to T. 
(Note: a4 represents the slope of the demand curve and its 


yalue iS negative in the sense that demand reduces inventory 


level.) 


It can be seen from equation II-2 that evaluating the 


function at the parameters t = O and t = T gives point values 
of the inventory at particular instants of time. At t = QO, 
INV = ay: At t = T, INV = ao + ail. 


The arithmetic mean, or average of inventory, between 


beginning and terminal inventory is Simply 





INV, + INV 
INV ve = mn CS ee 
: 2 
Ae a a See) a.T 
INV = sae | eae eee ar + s (II-5) 
ave. 5 O 5 


The above proof indicates that for a linear function, 
such aS was assumed for the variable INV> the integrated 
average of the function over an interval of time (Eq. II-4) 
equals the arithmetic average of the terminal points (Eq. II- 
5). However, if the function were not linear, then the 
Simple averaging of inventory at the terminal points, INV) 


and INV N@OMmmenOtsyLc ld soe itnue value averaged Over tine: 


oe 





aa 


Referring to Figure II-4, the level of inventory at 


any point in time can be expressed in general form as: 


INV = a) + a,t (II-2) 


and at time t = 0, INV = a, + q; where a_ = safety stock 


mma eq = order quantity; at £ = 1, INV = a 


S 
Then an =a, +q (II-6) 
but a, = a) + ajT (II-7) 
Therefore ay = ag t+ a,T + q 
and 2 aie q/7P (II-8) 


Substituting this expression for "a," into eq. (II-2) 


and considering that a. = a. + q we Let 


INV (II-9) 


I 
> 
+ 
2 
le 
a 


To find the average level of inventory we then integrate 


this expression for INV over the interval t = 0 tot =T. 
Therefore: ic 
i (a _+q- ae dt 
0 °& a 
INV. I a (TI-10) 
Bs re 
a q 2° a 
- 
= _ a4 
Os * 4 Z 
= gq Ee 
ee Or nis (JI-11) 
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where q/2 is the "average working inventory."" As illustrated 
Hie rioure Tl=4e the average inventory level is equal tOmiaie 


sum of the safety stock and working inventory. 


Sinee tiempern@maverace WOrkimnr inventory iS used Se 
extensively in subsequent sections of this thesis, the author 
felt that it's rigorous derivation through the use of calcu- 
lus was warranted. That the term q/2 could be arrived at by 
fample arithmetic averaging as valid only because the inven-= 
tory function is considered to be linear. In more complex 
inventory models, the same method of determination of aver- 
age inventory and working inventory levels would prove 
equally valid, but not so the short-cut of simple arithmetic 


averaging. 


meorder Points = When to Reorder. 

In determining a reorder level for any given SKU of 
merchandise, Exchange personnel need only follow the format 
meceled -OUC 2M ne stock. Contre: fencnoe ae 


Hor Example: 


meorder Point level = sales x (Delivery Time + Safety pactou 


200/wk X (2 wks + 1 wk) = 600 units 
Once this Simple arithmetic operation iS completed and the 
reorder level posted to the applicable stock card for future 
reference, the job is done. [It could hardly be less compli- 
cated. Yet therein lies an important element of efficient 
PveULOny mE lLOOoHI ohm reorder Neve land toverSltocking results 


with its attendant fanancial problems. Efficient inventory 
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management ceases when inventory levels rise higher than 
necessary. On the other hand, too low a reorder level for 
the particular situation results in stockouts, lost sales, 
and patron dissatisfaction. 

Just as the proper reorder level provides a boost 
toward efficient inventory management, a realistic determina- 
tion of the safety factor provides the key to establishing 
this level. Although the stock control handbook leaves no 
doubt regarding the determination of both reorder level and 
safety factor, the significance of their roles in scientific 
inventory management warrants a more detailed analysis of 
these important factors. 

Pits, tt tS necesSaryeno 1ecOpnize tne time, lag bpe= 
tween placement of an order and the receipt of same. In 
allowing for this, the average expected sales during lead- 
time are determined. If the reorder point is set at this 
quantity, however, stockouts will occur in approximately 50% 
of the order cycles since it could be expected that actual 
sales would exceed average sales during half of the leadtime 
periods. Then too, the leadtimes will vary up or down from 
the average in approximately 50% of reorders, although lead- 
time is usually more predictable than demand. Figure II-4 
illustrates both of these points. The average leadtime is 9 
time units, and average usage during leadtime is 54 units of 
stock. In three of the five order cycles, the leadtime ex- 
ceeded the average (10, 11 and 13); during two of the five, 


usage exceeded the average (90 and 100). 
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The reorder point formula is then: 


PR = B+ Sy tay (II-12) 


where: reorder point 


PR 

B = buffer or safety stock 

S|, = Average issues (Sales) per week 

ieee = Average leadtime expressed in weeks 


This formula will produce a reorder point in terms of dol- 
lars or units of stock depending upon the manner in which 


B and Sy are expressed. 


Buffer Stock. 

Although buffer stock provides a measure of safety 
from varying leadtimes as well as varying demands during 
leadtime, it is the latter factor which has the greatest 
effect on the level of buffer stock maintained. Manufac- 
turers, for the most part, are prompt in shipment of their 
products and frequently ship in advance of specified dates. 
Demand during leadtimes cannot be predicted with any degree 
of certainty, however. The safety factors appearing in the 


Navy Exchange stock control handbook“> 


appear to be quite 
arbitrary, but in reality are not. 

Buffer stocks are evaluated in terms of the level of 
service it is desirable, or necessary, to maintain. It 
would be totally impractical to establish a level of buffer 


stock which would guarantee an in-stock position 100% of 


the time. Providing for unusual combinations of heavy demand, 
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coupled with an extra long leadtime, would result in over- 
stocking. However, small deviations from average in regard 
to demand and leadtime must be expected and provided for, 
if stock-outs are to be avoided. 

The simplest approximation of buffer stock, which in 
Navy Exchanges is expressed in terms of number of weeks stock, 
is based on the mean value and standard deviations of the 
g@emand distribution. For a normal distribution with a 


mean of S. and a standard deviation of 6, the range 


S -6<£=5 = § +8 
W W W 
where S| = sales in any given week (demand ) 
S =naverage weekly ‘sales: 


includes about 68 percent of all values of Si the range, 


I\ 


Se oe es eo 
W W W 


includes about 95 percent of all values of Sy and the range, 


ancludes 99.7 percent of all values of Swe 

However, in planning buffer stock levels, only those 
values of S_ which exceed S., must be considered since they 
BeDECSCH LE abDOVe Average maemalGds WntemmlcaAGd TOnstOcmoutls. 
Consequently, we are concerned with only half of the normal 
demand distribution curve. (Ref. Figure II-5). 

Pieeeure li=5, the heetzoncal axis 41s measured am 


Uda ts oO 6. , while the vertical axis gives the probability 
W 
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FIGURE II-5 


NORMAL DISTRIBUTION OF DEMAND 





that a fraction lies within the range between S| and (S +dS.). 


Due to the symmetry of this curve, the ranges from zero in- 


clude the following percentage of all values of eg 


o<— Ss =< S., + 6 includes 84 percent 


0O— Ss. <— a 26 includes 97./ percent 


QO <= Sy = Ss. + 36 includes 99.9 percent 


Now if St, is the mean demand during leadtimes, 6, is its 
Ww 


standard deviation and from Eq. II-12, the reorder point Pp 


iecue 





a 


= it + Ko, (Tiss) 


For a normal ce ipaecon 


if K = 1, PR will be exceeded by demand only i6 percent 


of the time 


fk = 2, Pp will be exceeded by demand only 2.3 percent 
of the time 
eek = 3, P. will be exceeded by demand only Off percent 


of the time. 

"Must"! and 'never-out'" items require a high degree of 
protection from stockouts, and consequently a high value of 
K is assigned. The table of safety stock shown on page II-13 
of the stock control handbook automatically provides a buffer 
stock as a function of average leadtimes for the vast majority 
of items ordered. However, in the case of "must"! and '"never- 
Sb eitems the reorder point should bemealculatedyucar 
equation (II-1i3) above. A K = 3 would be appropriate for 
"must" items guaranteeing a 99.5% in-stock position, and a 
K = 1.64 would give a measure of protection to "never-out"! 


items equal to a 95% in-stock position. 





CHAPTER III 


THE ECONOMIC ORDER QUANTITY CONCEPT 


Historical Background. 

The first public utterance on the subject of an "Eco- 
nomic Order Quantity" (EOQ) came in the form of a paper 
written by R. H. Wilson entitled, "A Scientific Routine for 
Stock Control'', published in the Harvard Business Review in 
1934.77 Although developed independently a few years earlier 
by Western Electric Corporation economists, and used inter- 
nally in the scientific management of their spare parts in- 
ventory, Wilsonis generally credited with being the origina- 
tor of the EOQ Concept. 

Simply stated, the formula is a mathematical expres- 
Sion through the use of which we may determine that order 
quantity which will minimize the total annual variable costs 
of managing inventory. In developing his now famous EQQ 
formula, Wilson worked with a mathematical model which assumed 
that the total cost of managing inventory is made up of two 
parts; ordering cost and carrying cost. 


Thus, as expressed by Wilson, °° 


Q = 214 (III-1) 


L = Average cost of handling an order in dollars. 


> 
it 


Annual usage in dollars. 
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Wheres 
I = Inventory carrying cost expressed as a decimal. 
(i.e. % per annum of working inventory level) 
Q = Economic Order Quantity. 


Note: the above symbols are those used in the original paper. 
Originally devised as a scientific tool to assist in 
the management of industrial inventories, the EOQ concept 
was immediately recognized as being equally applicable to 
the retail trade when ordering staple year-round merchandise. 
However, the depression year of 1934 found retailers in the 
throes of '"Hand-to-mouth" buying>?. Afraid to be caught with 
large inventories in a time of sharply reduced buying, mer- 
chants ordered frequently while maintaining inventory at the 
lowest possible levels. In maximizing order frequency ''across 
the board", retailers could not take advantage of the cost 
Savings resulting from ordering in economic order quantities. 
As pointed out in Chapter I, scientific inventory control 
methods, and in particular the EOQ concept, did not take hold 


in the retail: trade until some fifteen years ago. 


Traditional Mathematical Approach. 


In developing the EOQ formula, the two variable inven- 
tory management cost groups comprising total variable cost 
can be expressed as follows: 

Total Variable Cost = order cost + carrying cost 


or 
IVC = NC, 1 (III-2) 
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N = Annual number of orders cut 
where: C. = Cost per order per item ($) 
S 


= Annual Sales ($) 


I = Inventory carrying cost expressed as a decimal. 
but 
S 
N = 2, 
q 


where: q = order quantity in dollars 
Therefore, equation III-2 can also be expressed in the form: 


SC 


TVC = “ao + <4 Giese 


In order to minimize total variable costs (TVC) in 
the above equation, we differentiate with respect to the in- 
dependent variable 'q", set the derivative equal to zero, 


and solve the resulting equation.“ This gives: 








CLIO zoe - Oy a (III-3) 
Bd ont? 2 4 
Topt 
2 ee 2SC , 
Topt I 
and solving for Q: 
2c s 
Q = T CIII-3A) 





Equation III-3A is the Economic Order Quantity formula de- 
veloped by Wilson, and is identical to equation III-1 except 
for the different symbolism employed. 

Figure III-1 provides a graphic illustration of the 


Economic Order Quantity for a particular unit of merchandise 
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FIGURE tL - i 


Graphic Illustration of EOQ 
(From Data in Table If -!) 


total cost = $ CoS a Sat 
q 2 
OPTIMUM POINT (Q) 
ae cost = SCoS 
g 
| carrying cost = $ St 
| 2 
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ima Navy Exchanges. [ne inventory model depicted inv cia 
midustration is shown in Table IITI-1l. Actual carrying @eeee 
and order coS@ applicable to the Navy Exchange Program have 
been assigned”>>. These costs are 10% per annum of working 
[mivenbtory level and $1.28 per item per order respectively, 

The total cost line is Simply a Summation of the in- 
dividual cost curve values at any given level of N, the num- 
ber of orders processed annually for the given item. [It is 
MeareGiiy apparent that ian thas allustration, aS an most real 
gavyentory cost situations, the total cost line has only one 
minimal point where the derivative of its function is 
Zewo. this pointe represents the minimum total costs) Anya 
portant point to be noted is that for some distance on either 
side of the minimum point, the curve flattens out. An order 
cycle of 3, 4, or 5 orders per year would produce very little 
difference in total inventory management costs of this partic- 
ular commodity, although an order frequency of 4 per annum 
meoduces the “Beconomic Order Quantity.” 

The purpose of the EOQ formula is to minimize total 
Miventory management COStsS by determining thay pordereciawe es, 
Maen attains the optimum Balance between anmiiatwene: ten] 
ANGEeCartryilig COSTS. However, it as Oe always practical to 
Crdemerne seacT GUantittecsdictared, Dyeari91d applicat vonmes 
the formulas The fact that in most real inventory situations, 
the total cost curve flattens out at itS minimum point pro- 


vides a useful degree of flexibility in choosing the most 
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order quantity 


of 


Mevettcal, aS Opposed. Go the most economic, 


eo votentncurrine —bOOmerecar a COStpepenalty, provided, 
course, that the difference in the two order quantities is 
mo, Cxcessive. 

In compiling the "order factor tables" published in 
mie Supplement to The Stock Control Handbook ,3the Navy 
Ships Store Onitce = specialists have taken advantage of 
this "curve flattening" phenomena. Instead of calculating 
a specific economic order quantity for each sales level, a 


range of sales volumes is established and order quantities 


are expressed in terms 
moms) tor items within 
sales range of $300.01 


tity of 3 months usage 


of months or weeks usage (order fac- 


that rengewme For exeamp le * an ae 
to $600.00 per annum, an order quan- 


would be placed each time an item 


Within that range is reordered. For an item with annual 


sales of $300.01, the order quantity would be calculated as: 


CS00201 
12 mos. sales 


mos. sales 


1$300.01 ~ “order quantity 


$75.00/order quantity 
and for the item with annual sales of $600.00: 


$600.00 
12 mos. sales 


mos. sales 


47$600.00 ~ “order quantity 


$150.00/order quantity 


Applying the EOQ formula (Eq. III-3A) to these calculations: 


0 _4/2_x 1.28 x 300.01 
$300.01 mi 


= $87.64/order quantity 





Sa 


-\/2 cao, O00. 00g. 
$600.00 > a ae $123.94/order quantity 


At the low end of each sales range, the order factor 


and 


tables order quantity will be lower than that calculated by 
the EOQ formula and at the upper limit it will be higher. 
Pits variation in order quantities calculated by the two 
methods explains the difference in inventory levels and total 


variable inventory management costs depicted in Table IV-1l. 


Problems Encountered in Adopting EQOQ. 

When a retail firm, such as a Navy Exchange, changes 
its order policy from one of a monthly or quarterly order 
cycle to an EOQ order basis, differences in working inventory 
levels and number of orders processed annually will appear. 

If on a monthly order cycle, it is likely that working in- 
ventory level will increase, while numbers of orders pro- 
cessed annually will drop sharply °°. If operating previously 
on a quarterly order cycle, the reverse situation may appear 
at time of changeover. In either event, adjustments will 

have to be made to handle the increased workload in the appli- 
cable functional area. If the operation is sufficiently 
flexible in terms of readily available unused warehouse space, 
and trained personnel to staff either a larger warehouse or 

an expanded procurement section, the changeover can be accom- 
plished with little difficulty. However, if the firm does 


not enjoy such a high degree of flexibility in its warehouse 


and procurement functions, serious problems can result. 
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Obviously, if warehouse space is barely adequate for 
a particular level of inventory and there is no possibility 
of obtaining additional space, it would be impractical to 
adopt an order policy that would result in an increased in- 
ventory level. Although additional staffing of a procurement 
section to handle an increased workload is undoubtedly easier 
to achieve than obtaining additional warehouse space where 
none exists, it may have to be accomplished on an incremen- 
tal basis over a fairly lengthy time span. 

In either case, it would be highly beneficial if a 
compromise could be found in the form of a more flexible 
order policy than that offered by EOQ. Such an order policy 
would seek an optimum relationship between working inventory 
level and numbers of orders processed while operating under 
imposed restraints on either inventory level or number of 
eraers precessed, or both, dictated by the practicaiminita— 
tions of the particular operation. The ultimate goal would 
be complete cost optimization, but it would be arrived at on 
an incremental basis. Subsequent sections of Chapter III 


will develop the basis for such a flexible order policy. 


Optimum Relationship =- Inventory Vs. Orders. 





Restating the EOQQ formula of Eq. III-3A in a slightly 


ys 
Qs ae xs (III-4) 


and, since average working inventory is one-half the order 


different form: 


quantity when sales are a linear function: 


> or 
Oe 

- a 
ne 
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2C 
Q=2x ING, = - «Vs (Ii l=op 


In any given retail organization, the values of Cy 


Sr 
and I can be considered as constants - Eq. III-5 then 


becomes: 
ox ENV opt « =~Q= kK xs CIII-5A) 
where 
20, 
K = ae CIII-5B) 


Equation (CIII-5A) can in turn be expressed in the 
form of a rule, referred to in future sections as Rule I. 

"In a given inventory, the optimum relationship 
exists between average working inventory and the total num- 
ber of purchase orders cut when the individual order quanti- 
ties are a constant times the square root of the individual 
sales."°® 
Before proceeding further, it would be well to de- 
vise a model inventory =- order situation. In this context, 
the model is a representation of the behavior of an actual 
segment of inventory. If the model is an adequate repre- 
sentation of the order-inventory operation, it is possible 
to learn how to improve the operation by experimenting with 
the model. 

For the sake of simplicity, a three SKU inventory 


will be assumed to be composed of an item of merchandise 


from each of the three classes (by sales volume) illustrated 
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in Chapter II. Relationships proved valid in this simpli- 
fied inventory model would prove equally valid in a 300 or 
10,000 SKU inventory, provided that there is no appreciable 
difference in order costs or carrying costs of the units in- 
volved. That this point is true in most inventory situa= 
tions is borne out by the statement of Buchan and Koenigsberg 
meat, ‘in general, both the ordering and carrying Cost per= 
centage are a function of the company rather than of the in- 
ventory item; in other words, these factors tend to be con- 
stant for all items of a particular inventory.'">” 
Table III-2 illustrates this greatly simplified three 
SKU inventory, in which orders are placed on a non-optimum 
monthly order cycle, which was the normal order policy in 
Navy Exchanges prior to 1964. The total annual inventory 
cost for this model is $188.75. A cost conscious inventory 
manager would immediately ask the questions, 1. "Does this 
inventory model represent the optimum situation?," and 2. 


"if not, what steps can be taken to reduce total management 


costs?" 


mine Contliact. 
A quick inspection of just item A is sufficient to 


answer the first of these questions in the negative. 





2C 58 

Q= T (III-3A) 
20, 

oa 


Q =\/ 42208 x \J16e00. = 10 x 40 = $400.00 
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TABLE III-2 


A Three Item Inventory on a Monthly Order Cycle 


Item S N q INV. (q/2) 
A $1600.00 12 $133.33 66.67 
B 400.00 12 33.33 16.67 


C 100.00 eZ Sis 4.16 


»N = 36 Ya = $174.99 )INV = 87.50 


Assumptions: Co = $5.00 per item per order I = .l 


Annual order costs = SNC | = 36 X00. = Seow 


Annual carrying costs = )a/2 x f= 67 20ers Sue 


Total Annual Inventory Costs $188.75 


TABLE Ti 


Optimization of Total Inventory Management Costs 
of Three Item Inventory Depicted in Table III-2 


2C 





O 
Item S 1 S TT Q N INV(Q/2) 
A $1600.00 40.00 10.0 $400.00 4 $200.00 
B 400.00 20.00 LOR 200.00 2 100.00 
C 100.00 10.00 10.0 100.00 1 50200 

» 70.00 $700.00 7 $350.00 

Assumptions: Co = $5.00 per item per order I = .1 
Annual order costs = $NC . =e ro OO = eS 2 OO 


Annual carrying costs = YQ/2 xl = 350-00 xe, t= 00 
Total Annual Inventory Costs = $70.00 





40 


Comparing the above calculated economic order quantity with 


that of Table III-2 it is found that: 
Q($400.00) # q($133.00) 


Therefore, it can be concluded that item A is not being 
ordered in the most economical quantity. Since optimization 
of total inventory costs depends upon suboptimization of its 
individual item component costs, the inventory model in ques- 
tion does not represent an optimum cost situation. Though 
the ultimate goal is always to minimize total costs, it may 
be impractical, or impossible to do so immediately, and a 
comparison of working inventories shown in Table III-3 with 
that of Table III-2 provides the clue. 

In optimizing (i.e. minimizing) annual inventory 
management costs, the total number of orders placed annually 
have been reduced from 36 to 7. This iS a welcome reduction 
in work load on the Purchase Office Staff, some of whom may 
be utilized efficiently elsewhere so as to realize the econ- 
omies in order costs which are indicated by the 80.7% reduc- 
tion in order frequency. However, working inventory has 
shot upward drastically to a level of $350.00 from $87.50; a 
four-fold increase dictated by the economic order quantity 
formula. 

In terms of total costs, the net result is a highly 
favorable decrease of 62.9%, yet the practical aspects of 


such a change might prove to be completely impossible. 


oe 
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Almost four times as much warehouse space would be required 
to store the larger inventory, and its immediate availability 
would be very rare, indeed. Although the example shows a 
much. higher inventory increase than would be expected in a 
real situation, it was deliberately chosen to illustrate an 
obstacle that might well be encountered when shifting to EOQQ 
ordering from a regular monthly reorder cycle of order place- 
ment. This situation may become a very real problem in those 
Exchanges having a minimum of storage space available. Hence, 
the statement in the SIM Handbook that shifting to the EOQ 
Concept will reduce expenditures of inventory management dol- 


oS. -—= xCnanges wi agequate Storage a4Ci ili eles. 
1 "At Exchang ith ad te storage facilities." ° 


Immediate Cost Reduction Alternatives. 

Considering the inventory situation depicted in Table 
III-2, there are three practical courses of action which can 
be taken to reduce total inventory management costs without 
increasing inventory levels with the attendant need for addi- 
tional storage space. 

1. Decrease the total number of orders cut while 
holding working inventory level constant at 
$87.50. 

2. Decrease working inventory level while hold- 
ing the total number of orders cut annually 
to 36. 

3. A combination of both of these courses of 


action. 





42 


Table III-4 provides an example of the same three 
Hcem inventory in which the working inventory level has Beam 
minimized while holding the total number of orders constant 
at 36. This optimum relationship between working inventory 
and number of orders cut is achieved by application of the 


mmbe Stated on Page 37 in which: 





eS 
Kp y- = y (III-6) 
, ae a 
ee . Koy = 36° OAS (III-6A) 


In like manner, Table III-5 illustrates an example of the in- 
ventory for which the total number of orders cut dN has been 
iinet zed while molding the working “mventony level seonstan: 


at $87.50. In this example, 


Reo (III-7) 
ae 
aS 
7 me ioe 
re . Keo. = “39 = 2S) (III-7A) 


Note: the mathematical proof of Equations III-6 and III-7 
appears in Appendix B. 

In the first example, inventory has been reduced 
22.2% without any increase in the total number of orders 


cut, and total costs have been reduced by $1.94. In the 
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TABLE III-4 


ae : qe < i 
Reduction of Inventory Levei ror Given /N 


: 2S _ ¥ae00 + VY4oo + W100 _ 40 + 20 + 10 _ 70 _ 1 4s 
RI WN 36 36 3 
Annual 
Sales : (oa 

Item S V's Se q NG INV=q/2 

A 1600.00 40.00 1.945 77.80 20.55 38.90 

B 400.00 20.00 1.945 38.90 10.30 19.45 

C 100.00 10.00 1.945 19.45 5.15 9.72 


)N=36.00 ) INV=68.07 


Annual order cost = 36 x 5.00 = $180.00 
Annual carrying cost = $68.07 x .1 = Omen 
Total inventory management cost = $186.81 


Savings over original model = $188.75 - 186.81 = $1.94 


Tab LE leas 


Reduction of Number of Orders for Given Inventory Level 


22 _ 133.33 + 33.33 + 8.33 _ 174.99 —ae 


a = 
RO Vs W600 +7400 + “100 (Oe 
Item S V's SRO q N INV 
A TEOGz00 40.00 2 room Oo EO 50.00 
B 400.00 Zar Old Ee dD 203-00 8 Zw 
Cc LOG ZOO Oe Oo Zs ao. 00 4 Less 
)N = 28 YINV = 87.50 
Annual OTC’ COs ime MNr ie. ay 00 Muon. da) 9 0)0 
PUlUdteGarryaine Gest = ol. U0 x ate = Sree) 
Total inventory management cost = $148.75 


Savings over original model = $188.75 ~ 148.75 = $40.00 
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second example, the total number of orders has also been de- 
creased by 22.2% without an increase in inventory level, and 
total cost has been reduced $40.00. By using values of K 
between 1.945 and 2.5, both inventory level and total number 
of orders will be reduced. For example, with K = 2.2, work- 
ing inventory amounts to $77.00 with a requirement that a 
total of only 32 orders be prepared annually, thereby permit- 
ting a total cost savings of $21.05. 

Considering the original inventory model, with assump- 
tions made pertaining to Cy and I of $5.00 per item ordered 
and 10% per annum of inventory dollars respectively, it is 
obvious that a reduction in the number of orders cut has a 
much greater impact on total costs than does a corresponding 
decrease in working inventory levels. However, it has been 
shown that reducing order frequency to its most economic 
level could impose very serious warehousing problems. There- 
fore it may be necessary to approach the economic order 
Quantity levels of ) INV and DN incrementally rather than in 
a single jump. How this logical approach towards optimiza- 
tion can be accomplished will be demonstrated in a subsequent 


section. 


The Optimal Policy Curve. 


Since both conditions expressed by equations III-6 and 
III-7 are true under optimum conditions of order quantities 
under Rule 1, we can equate the right side of these two 


equations. It can therefore be said that at q i.e. Q, 


optimum’ 
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(III-8) 


Substituting the mathematical expressions from equa- 
tions III-6 and III-7 for Kp_o, and Kn, respectively into 


Poe tL lS: 


Ye LS 
————- aa (III-9) 
i 
>. DN x dQ = OVS)? (III-10) 
Since 2Q = 2) INV Gri] 


substitution of 2) INV for YQ into equation III-10 produces: 
o 2 
YN x 2)INV = OafS) Giles 
Z 
OVS) 
YN x )INV SENS)" 


or, for the example given: 


(ITI-13) 


2 
YN x ) INV = <7) = 2450 Ciera) 


Equation III-14 establishes a boundary concept for 
the order numbers-working inventory relationship for the 
example chosen. From this equation, Table III-6 has been 
compiled. The data from Table III-6, in turn, has been 


plotted in Figure III=-2 to produce a boundary curve, i.e. 


the Optimal Policy Curve. “} Each point on this curve 





TABLE III=-6 


Working Inventory Versus Order Numbers Relationship 


dN x )INV = 2450 Eq. III-14 


»N YINV YN > INV 


2 S22 oe 00 26 94.30 
4 612.50 28 S20) 
6 208.55 30 Ss cio 
8 50 Gn25 32 20250 
10 245.00 34 72.20 
12 204.16 iG) 68.06 
14 175.00 3S 64.60 
16 a Sek 40 OL) 
18 SO tr 42 53.30 
20 122.50 44 5.55.0 
22 111.40 46 DO 0 


a4 102.08 48 51.04 
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represents an optimum relationship between working INnWennOny 
and total numbers of orders cut. 

The area to the left of the curve represents impossible 
combinations of working inventory and total numbers of orders 
for this particular inventory model. For example, it is im- 
possible to cut only 20 purchase orders per year and have a 
working inventory level of $100.00. For this number of pur- 
chase orders, the minimum possible inventory level would be 
$122.50, the point at which the vertical line N = 20 inter- 
Beets the Optimal Polacy Curve. On the other hand, ail con= 
binations of orders and inventory represented by points to 
the right of the curve are possible, though non-optimal 
combinations. For example, a combination of N = 20, INV = 
$300.00 is a possibility. (Refer to Table III-7 for calctla- 
tions showing non-optimal nature of this relationship.) 

Equation III-7 can be written as, 


»Q 2) INV 


vs | AS 





CIII-15) 





and since the term )*VfS is a known constant at $70.00 for the 
given inventory model, the boundary curve delineating the 
optimum order-inventory relationship can readily be cali- 


brated for all values of K, where 





2) INV 2) INV INV 
— — ee = Pe CIII-16) 


Vs 


This 18 illustrated in Figure III-2. It was shown previously 
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AiCevio dee a, 


CALCULATION OF OPTIMAL ORDERS =- INVENTORY RELATIONSHIPS 


GIVEN: Non-optimal inventory model for which YN = 20, 
»INV = $300.00 

ASSUMPTIONS: C, = $5.00; I = .l 

TVC (Non-optimal model) = 20 x $5.00 + 0.1 x $300.00 

$100.00 + $30.00 = $130.00 


Calculation of TVC for optimal DN ~ » INV relationships 
)N x YINV = 2450 (Ref. Table III-6) 
GIVEN: YN = 20 (Crestraint imposed on orders) 


Then DINV ae eo 


WN 20 

For YN = 20; )INV = $122.50 
TVC (optimal @ )N = 20) = 20 x $5.00 + 0.1 x $122.50 
$100.00 + $12.25 = $112.25 


GIVEN: YINV = $300.00 (restraint imposed on inventory) 


2450 _ _2450 


For )INV = $300.00; )N = 8.17 


TVC (optimal @ )INV = $300.00) = 8.17 x $5.00 + 0.1 x $300.00 


=e4 O28 oe 3 0.200 = $ 70.85 


NOTE: Both optimal relationships result in reduced costs 


over their non-optimal origin. 
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(Eq. III-6A) that a K value of 1.945 would serve to minimize 
working inventory level while holding order numbers to 36. 
Similarly, a K"§alue of 2.5 (Eq. III=-7A) served to minimize 
order numbers while holding the working inventory level con- 
mame, Inerao. Til-2, it can be seen that as K values de=- 
crease from 1.945, inventory levels will also decrease but 
at the expense of increasing order numbers. On the other 
hand, values of K greater than 2.5 will decrease order num- 
bers but at the expense of increasing inventory level. 

By utilizing the calibrated curve of Fig. III-2, it 
is possible to pick out any order number-inventory level com- 
bination desired. Simply by picking the applicable value of 
K from the curve, the order quantities and order frequency 
of each item of inventory can be quickly calculated. It is 
important, however, to understand that the optimal policy 
eGurve in Fig. IIlI-2 is applicable only to the particular 
Paventory model allustrated in Table ili-2. The principle 
is valid for an inventory of any size, provided that the 
ordering costs and inventory carrying costs (%) of the various 
items making up that inventory can be considered constant for 
all items making up the inventory. However, a new curve must 
be constructed for each new inventory model. 

Although the Optimal Policy Curve of Fig. III-2 pro- 
vides an infinite number of points representing optimum re- 
lationships between inventory level and total number of 
orders, there is only one combination which produces optimum 


(i.e. minimum) total inventory management costs. If lines of 





al: 


constant total costs are drawn on the Optimal Policy Curve 

as in Figure III-3, it is readily apparent that the "economic 
order quantity" solution is to be found at a K value of ap- 
proximately 10.0, i.e. where a line of constant cost is 
tangent to the curve. 

Figure III-4 provides an enlargement of this critical 
area. From the detailed graph, it is obvious that only one 
line of constant cost will be tangent to the curve, and in 
this model that point of tangency is exactly at a K value of 
10.0. It is not merely coincidental that the $70.00 total 
cost represented by all points on this tangent line is the 
same cost computed in Table III-3 for the model in which 
orders were placed on an Economic Order Quantity basis. Each 
point on the Optimal Policy Curve represents an optimum re- 
lationship between inventory level and order numbers, but 
only one of these points represents that relationship which 
also produces optimum total costs. The point of tangency, 
therefore, satisfies the conditions of the Economic Order 


Smant aig . 


An Incremental Approach. 
The path leading from the original monthly order cycle 


inventory situation with annual inventory management costs 
of $188.75, to the most efficient - from the standpoint of 
costs - order-inventory relationship resulting in greatly 
reduced costs of $70.00, may be impossible to negotiate in 


one step. Intermediate inventory dollar goals may have to be 
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set as additional warehouse space iS made available. The 
Simple mathematical tools needed to accomplish this incremen- 
tal approach toward optimization have been thoroughly explored 
in this chapter. For example, in the given inventory model, 
assuming that additional space would be available immediately 
to accommodate a $150.00 inventory, and additional increments 
of $100.00 inventory storage area would be made available in 
each of two subsequent years, the three step order frequency- 


inventory models would be as illustrated in Table III-8. 


Simulated Application of the Incremental Approach. 


Mest retail anventeriecsmare Neayvily we1entedman temm= 
of numbers of SKU's in the low dollar value ranges. A 
Simulated inventory model based upon the dollar-value distri- 
bution explained in Chapter II is shown in Table III-9. It 
contains an item selected at random from each of nine dollar 
sales ranges found in Navy Exchanges. > These sales were 
then multiplied by a frequency factor” designed to produce 
an inventory-sales model of staple items which would approxi- 
mate that of a very large Group VI Exchange such as NTC Great 
Lakes or N. S. Norfolk. The resulting model is a deitaeen 
4490 SKU inventory. 

In order to save time, which would have been consumed 
in lengthy hand calculations, and to demonstrate the advant- 
age to be gained through utilization of the most advanced of 


Scientific Inventory Management tools, a computer program 


was devised to simulate the desired inventory model. This 
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TABLE III-8 
Order Frequency - Inventory Models for Incremental 


Approach Toward Optimization of Costs 


Time: Present Allowable Inventory Leve. = $150.00 
_ IN iso _ 
K= Se = 2 = 4.286 
Item S Vs K q N INV 
A 1600.00 40.00 4.286 171.44 2. 535 Snug 
B 400.00 20.00 4.286 Se. (2 4.67 42.86 
C 100.00 LODO 4.286 42.86 ZS ets. 


YN ones )INV=$ 150.01 


Total INV MGT Costs = 5.00 x 16.33 + 150.00 x .1 = $96.65 


Time: Plus 1 year. Allowable Inventory Level = $250.00 


YInv 

: _ 250 _ 

K = Sye> = “Qe = 7.143 

Item S ecw K q N INV 
A 1600.00 40.00 7 SAS SS aD 5.60 142.86 
B 400.00 20.00 7.143 142.86 2.80 71.43 
C oOsCGmn 10500 7.143 71.42 1.40 35.71 


YN = 9.80 $250.00 
HoEalINY MGR Costs = Se00s O.G60ne 250n00s Malina 


Time: Plus 2 years. Allowable Inventory Level = $350.00 


Item S ES K a6 N INV 

A 1600.00 40.00 10.0 400.00 4 200.00 
B 400.00 20.00 G0 200.00 2 100.00 
c 100.00 10.00 oe 100.00 il 50.00 


YN = 7) INV = $350.00 


Total INV MGT Costs: 5.00 x 7 + 350.00 x .1 = $70.00 
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Monthly Order Cycle 
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Plot Data for Monthly Order Cycle Model 


Working Inventory Level = 
Annual Number of Orders Cut = 
Total Inventory Management Cost = ....$ 


= 4490. 
Roa. Order Working 
Orders Quantity Inventory 
18000 $ Ss S 6, 250200 
EZ 0GO $ Zz. OO 56, 000,00 
8400 $ 24.08 Seo. 42 olen 
6000 $ 50. 49 S. 921s veow 
4560 $ faa. OO S 142 oo 
3000 Sao Ses S  LGrecos or 
1200 See Seo So 20 horc 4 
600 Sec omrs 5 20, 698ro0 
120 Si OOO 100 See, SOU 6 0 
53880 $1397 5 3eeee 
Beas sceheeer ee SP lSo 36.08 
js aeons se 5. OOO 
G2 OO ae 


TABLE I1]=9A 


The Same Inventory Model Shown in Table III-9 
With Ordering Performed on an Economic Order Quantity Basis 
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OOWAIUAWHD 
WOMDONARO 


ARH 


Total 
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2965 
2372 
2322 
aa 
2293 
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E353 

988 
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16958 
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lege) 
202.39 
354.18 
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by SEA 39 
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37 7947 J56 
30,357.87 
30,104.88 
26,563.13 
28,839.97 
25,298.22 
17,708.75 
12,649.11 
7,589.47 
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Plot Data for Economic Order Quantity Inventory Model 


Working Inventory Level = .....0c.c..ee9217,058.73 


Annual Number of Orders Cut = 


fo, 756 


Total Inventory Management Cost = ....$ 43,411.75 
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Program consists of a simple set of instructions, in the form 
of keypunched cards, to be followed by the computer in proces- 
Sing information@introduced as input data. This data, consast- 
ing of annual item sales, item frequency, order cost and carry- 
ing cost are read in as part of the "source deck''. The computer 
then processes this data according to the instructions it has 
received and performs, in a matter of seconds, arithmetic cal- 
culations it might take an efficient operator several man-days 
to accomplish using a desk calculator. 

The purpose of this particular computer program was not 
only to simulate the inventory model shown in Table 9, but to 
provide data (Table 9D) from which to construct an Optimal 
Policy Curve (Figure III-5), for visual reference. In addi- 
Pome tt was instructed to determine inventory levels, total 
number of orders processed annually, and inventory management 
costs for several possible order policies at 5% increments of 
inventory restraint, the partial print-out for which is repro- 
duced in Tables 9A = 9C. 

With the Optimal Policy Curve before him, plotted with 
detailed information from the print-out, the inventory manager 
has a wealth of information from which he can make an intelli- 
gent decision as to which order policy will be best for his 
operation. Use of the computer obviates the necessity of cali- 
brating the curve for values of -K- since this task is accom- 
plished internally. 

A quick glance at the Optimal Policy Curve shows the 


inventory manager that his monthly order cycle is highly 
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me samen inventory Model as im Tabie I1I-9A Except that 


Ordering is Performed on Optimal Policy Basis Under 


Restraint Limiting Working Inventory to 100.% 


Oe Ore tia d siti ee cl. 


Ee mn. igen Total Order Working 
Sales ise Cre N Orders Quantity Inventory 
$ 100.00 1.0 el 4612 $ 32.53 5 24, 3903n00 
$ ae Oe 1000 Ba 3689 $ 39.03 S$ 19,5i5es 
$ 289.00 700 52 3659 $ Deo $ 19.352757 
¢ 441.00 500 6.5 3228 $ 68.30 $ 187075276 
$ 900.00 380 9.2 3505 $ OW ae $ 18,539.39 
$ 1,600.00 DSO 12.3 3072 Coe LO Slo 2oeene 
$ 4,900.00 100 Die Dale Some eS $ JL. 383264 
$10,000.00 50 BOR? 1537 CES rae $ Vee icin 
$90,000.00 ie O22 922 Co” Sa $ 4,878.79 
oetals 4490 26380 $139,533.32 


Plot Data + Optimal Policy Model with Restraint. 
Limiting Working Inventory to 100.% of Original Inv. Level. 


Working Inventory Level = ..... steie eve ee SlsO 535 
Annual Number of Orders Cut = 26. 360 
Total Inventory Management Cost = ....$ 47,719.10 


TABLE ITI=-9C 
inaessame Inventory Model as an Table [li=-9A Except that 
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Ordering is Performed on Optimal Policy Basis Under 
Restraint Limiting Working Inventory to 125.% 
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HOU OW 
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Plot Data = Optimal Policy Model with Restraint. 
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30,402 542 
24,393.94 
24,190.66 
21,344.70 
23.174920 
20 .22en26 
14,229.80 
10,164.14 
6,098.48 


174,416.66 


Limiting Working Inventory to 125.% of Original Inv. Level. 


Women min vemvOny le vie le=.. . 1a. 


Annual Number of Orders Cut = 
Total Inventory Management Cost = ....$ 44,454.28 


$ 174,416.66 
21,104 
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Data tonmOntiiaieskottme,sGurve facure IIi—5 
Includes Walues of K for Calibration of O.P.C. 


Working Inventory Total Orders K Value 
$ 21450.00 ti LoCo: O50 
$ 42900.00 85800. no 
$ 64350.00 Dd 20Or ee 
$ 85800.00 42900. 20 
fee LO07250.00 34320. Zo 
he 128700.00 28600. B20) 
fee £20150.00 24514. 5 
pan 17 16000.00 Zs Ol 4.0 
pee L93050.00 19067. 4.5 
m) 214500.00 Troe. DO 
$ 235950.00 15600. Da 
$ 257400.00 14300. 6.0 
$ 278850.00 Foz 00. 0.45 
$ 300300.00 L225 one 
$ 321750.00 11440. fares 
$ 343200.00 LOG 2 o- Saw 





60 


FIGURE HL -5 


($X1000) OPTIMAL POLICY CURVE 
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miemererent (Pt. “1% "on FPagure IlI=5). Interpolating visually, 
he sees that total annual variable costs are approximately 
$83,000.00. Inventory can be cut by 50% and costs reduced to 
75,000 by operating at point "2", with no change in numbers 
of orders processed annually. This would produce a useful 
Optimal Order ~olicy if the warehouse is badly overloaded. On 
the other hand, by holding inventory at a constant level, i.e. 
by imposing an inventory restraint of 100%, and operating at 
been: '3'', annual orders processed will be sharply reduced = 
from 53,880 to 26,380. With orders costing $1.28 each to 
process, this change alone results in a savings of $35,200.00. 

The ultimate goal of course, is cost optimization rep- 
resented by the EOQ Order Policy at point "5", with total 
annual management costs of $43,400.00. However, in the model 
under consideration, switching to an EOQ order basis would in- 
crease the working inventory level to $217,000.00, or 55.8%. 
Should this level of inventory prove too much to handle, an 
intermediate level at point "4'' might prove acceptable. An 
inventory restraint of 125% would be utilized to accomplish 
Sse poal . 

The data provided in Tables III-9B and 9C, extracted 
from the print-out, provides information regarding new order 
quantities by items should the manager decide to hold the line 
at original inventory level (100% restraint) or increase the 
level of restraint in proportion to any readily available un- 
used warehouse spaces he might have at his disposal. Table 


III-9C provides order quantity information, by item, on an 
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Owner oOlicy —Orger basics. m Ordering in these Quantit tec 
BeoubLtei@ mMinlamizine total inventory management costs undemean 
inventory restraint of 125%. In similar manner, any practical 
restraint level could have been programmed. 

In ’@Ghaperer 1V,9an Opt imatebotre me curve wid be developed 
for an actual Navy Exchange Operation, and an investigation 
made into the applicability of this valuable decision-making 


technique to the Navy Exchange Program. 





CHAPTER IV 


A FLEXIBLE ORDER POLICY FOR NAVY EXCHANGES 


Background 


me October 1963, an inst peer 1ssued by the Navy 
Ship's Store Office on the subject of adoption of the EQQ 
order policy for staple item merchandise was partially imple- 
mented. Complete compliance with this instruction by 30 June 
1964 was agmeeeeawse Until implementation of the EOQ order 
policy, Navy Exchanges were placing orders for staple items 
essentially on a monthly order cycle. The purpose of the 
instruction was to introduce Navy Exchanges to a scientific 
inventory management technique which would materially reduce 
total RB c costs of inventory management, while simul- 
taneously lowering working inventory levels throughout the 
entire system. An immediate, and unexpected, reaction from 
many Exchanges came in the form of requests to raise inventory 
Pomel allowances . The author was assigned to the Navy 
Ship's Store Office for temporary duty during the months of 
June and July 1964, and it was at this time that he became 
familiar with the apparent inventory problems encountered by 
some Exchanges following adoption of the EOQ order policy. 

ie seemed logicalyear first, “to assume thav workine 
inventory level would decline when an Exchange shifted to an 
EOQ order policy from basically a monthly order cycle. Very 
high volume items with annual sales in excess of $30,000.00 


would be ordered on a weekly, rather than monthly, order 
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Basisethereby decreasing the working inventory level byeaGe 


a Other items with annual 


proximately 75% for those items. 
Sales ranging from $7,200.00 to $30,000.00 would be ordered 
bi/weekly rather than monthly with a consequent reduction of 
approximately 50% in working inventory level. Conversely, 

in the case of lower volume sales items, order quantities 

in terms of number of month's stock would increase in in- 
verse proportion to an item's sales volume, to a maximum of 
six month's stock for items with annual sales less than 
$120.00. However, it was felt "intuitively" that the reduc- 
tion of inventory levels of the high volume sales items would 
more than compensate for the increased inventories of low 
volume items, so that the net effect would be a decrease in 
total working inventory level. It was the intent of the 
author to investigate this problem by means of a computer 
Simulated inventory model, fully expecting that the results 
would substantiate the Navy Ship's Store Office contention 
that lower total working inventory levels would be attained 
through adoption of an EOQ order policy. 

The inventory models appearing in Tables 9 and 9A of 
Chapter III were the product of this simulation. However, 
the models did not behave as expected. Working inventory 
level resulting from ordering on an EOQ basis increased 55.8% 
Overt iaemDroaueed by a monthly order cycle. methe key to tiie 
unexpected phenomena lay in the assignment of item frequencies 
designed to produce a typical item mix by sales volume of a 


very large Group VI Navy Exchange. The frequencies assigned 
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were heavily weighted at the lower sales range. For example, 
items with annual sales of $144.00 were considered to be 150 
times more numerous than items with annual sales of $90,000.00. 
Although such an assumed item mix would be reasonable in a 
Civilian department store Srernion it Could) mob be Cone 
Sadgered as completely realistic in a Navy Exchange which 
carries a much narrower range of merchandise, most of which 
consists of fast moving high sales volume items. 

Before any valid conclusion could be reached regarding 
tie impact of an EQQ order policy on Exchange inventory levels, 
meinventory model would have to be constructed using Staple 
item sales from an actual operation. Through the cooperation 
of the Navy Exchange Officer and Merchandise Manager at the 
Lewaeeexchange, Naval Amphibious Base ,;eeittle Creek, = Vacounia 
actual sales data were obtained for every fifth staple item 
Gaeried on their stock cards. These sales Gara were then 
utilized in the computer program developed in Appendix C, 
which in turn provides the basis for the investigation per- 
formed throughout this chapter. 

The results, once again, were €ontrary ©oO eCxpectartence 
Whereas a working inventory level of $119,937.44 could be 
expected on a monthly order cycle for the 3245 SKU inventory, 
the inventory level increased to $210,383.66 on an EQQ order 
basis with assigned order and inventory carrying costs of $1.28 
and O.1 respectively. These order and inventory carrying costs 
have been determined by the Navy Ship's Store Office as sean 


GevbecemMilartve —cOStS incurred within the Navy Exchange 
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program.” However, total anventory management costs de= 
creased from $61,836.94 per annum on a monthly order cycle 
Gorp42,0/76.73™0n an EOQ basis), thus realizing a Ssignificame 
annual saving. Therein lies the dilemma which must be faced 
by the Exchange inventory managers - the Navy Exchange Offi- 
cer and Merchandise Manager. 

AMPOY Order policy reduces forall inventory Manageme ms 
mosts bDUL, in the inventory model analyzed, a problem has been 
meeaced 1m COping with an anticipated ancrease am anventory 
level if the adequacy of warehouse space iS marginal. A par- 
tial solution to this dilemma, in the form of a more flex- 
ible order policy - the Optimal Policy - is offered as a pos- 
Sible alternate course of action in Situations such as this- 
In the remainder of this chapter, an Optimal Order Policy will 
be developed for the Navy Exchange, NAB, Little Creek, Va., and 
its general applicability to the Navy Exchange Program inves- 


tigated. 


Assistance In Decision-Making 


Initial input to the computer program in Appendix A 
eencisted ef order and inventory carrying costano: +! 2onpen 
item per order and 10% of working inventory level respectively. 
649 annual item sales data values, representing 3245 stock 
keeping units, and a multiplication factor of 5 completed the 
input data. Since sales data had been taken from every fifth 
SUaplommubcmms tock Card, the multipimcatton factoxrsor 5 Droucnr 


working inventory levels and management costs in line with 
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those which would actually be incurred in the Exchange opera~ 
tion. 

Output from this program provided the figures from 
mare the Optimal Policy Curve shown an Figure IV-1 was Cone 
meererea, Point “l1'' on-this €urve represents the )N - YINV 
mgelatitOonship Occurring on a monthly order cycle. This is a 
non=optimal orders - inventory relationship, as attested by 
fmeetact that point “i does not fall on the Optimal Policy 
Curve. Data from which to plot this point were also part of 
fmemprOcram output, as were all other data utilized through- 
CtMieethis chapter. The EOQO »N = » INV relationship is indicated 
fmeeoint "5", As expected, this point falls on the curve 
Since it represents an optimum relationship between numbers of 
orders processed annually and working inventory level. 

Using the assigned order and amyventor, vearr vane scooter 
lines of constant total inventory management costs are drawn 
to the curve starting at $40,000.00 and increasing in $5,000.00 
imerements to $60,000.00. A constami cost Lane at $47,500.00 
is also indicated. Vasual interpolation quickly places the 
annual variable management costs at approximately $62,000.00 
and $42,000.00 for ordering on a monthly cycle and an EOQ 
Srdcmepolicy respectively . Sinis sobscmuat mons DOrne sOlUlG ab, 
additional information on the computer print-out giving exact 
values of $61,836.94 and $42,076.73. 

Once the Optimal Policy Curve is fully developed and 


the inventory models representing various order policies 
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FIGURE IWV-| 


OPTIMAL POLICY CURVE 
Navy Exchange, NAB Little Creek, Va. 
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Plotted as illustrated in Figure IV=-1, the anventory Manages 
has an extremely valuable decision-making tool at his dis- 
posal. He can see at a glance what action must be taken to 
improve the situation regarding management costs. For the 
case in point, several possibilities exist. If the working 
inventory level at $119,937.44 is over-taxing the warehouse 
Capacity, dropping down to point "2" on the curve would re- 
Sult in reducing inventory to a level of $88,799.32, without 
changing the total number of orders processed per year. A 
Simple modification of the program in Appendix A introducing 
an inventory restraint of 74.2% of working inventory main- 
tained on a monthly order cycle, will provide a print-out of 
applicable order quantities (qa. ) for each staple item carried 
wc tock, Ordering in the quantities indicated wil leresulpean 
a reduction of inventory to the desired level. Inspection of 
the Optimal Policy Curve indicates a reduction in management 
costs of approximately $3,000.00 as an added bonus, if this 
Optimal Policy 1s pursued. 

An Optamal Policy leading to point) "3" ) onsereweui 7c 
results in an annual savings of approximately $13,000.00, 
verified by the computer print-out as being $12,939.56. This 
is 65.5% of the maximum savings realized through adoption of 
an EOQ order policy, but at no increase in working inventory 
level, i.e., under an imposed inventory restraint of 100% of 
the monthly order cycle inventory level. Finally, if an in- 


ventory restraint of 125% of the monthly order cycle level is 
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practical, annual savings would increase to $17,321.85, or 
87.7% of maximum attainable. 

Changing to an EQQ order basis, from a monthly order 
cycle, would produce the maximum savings of $19,760.21, but 
in so doing, the working inventory level would jump 75.5% to 
Peale, 383.66. 

Utilization of the Order Factor Tables published in 
the Stock Control Handbook results in a modified EOQ order 
woriecy. it is a non-optimal order policy without limiting 
restraints on numbers of orders processed or inventory level. 
Although in this example, savings of $19,432.30 resulting 
from ordering out of the tables approach the maximum attain- 
able, the increase in working inventory to a level of 
$211,387.29 poses an additional problem for the inventory 
manager. A recapitulation of the management costs and imputed 
Savings, as well as inventory levels attained through adopricn 
of various order policy alternatives is shown in Table IV-1l. 

it 1S Quite apparent thatsihe Opuama rola ey Cun ome 
a valuable scientific inventory management device for use by 
an experienced inventory manager. It shows him exactly how 
orders and inventory investment can be traded one for the 
Cue Lomachieve a desired coal lsccdetnecoondinat Toned timed 
haeiespeed electronic computer, sutailizine a program Such as 
Shown in Appendix A, it provides a powerful assist to the 
decision-making process. The Optimal Order Policy provides 
an exceptionally flexible response to the many pressures which 


influence any inventory management decision. 
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Note: The author fully appreciates that in a real 
application of the technique described in this section, and 
elsewhere within this thesis, computed costs, Savings, and 
inventory levels would be rounded off to the nearest $1,000.00 
for an operation of the size described. However, exact fig- 
Mees have been used so that the reader might more readily 


compare them to their source in the computer print-out. 


Erroneous Order and Carrying Costs. 

Up to this point, the values of order and carrying 
cost of $1.28 and 0.1 ascribed to Navy Exchange Operations 
by the Navy Ship's Store Office have been accepted as correct. 
Miwever, as pointed out by Starr and Miller?®, Buchan and 
mecneieepers and others, it is extremely difficult to de- 
termine these costs accurately. In the case of Navy Ex- 
changes located in 23 states including Alaska and Hawaii, as 
well as in many foreign countries, there will be a consider- 
able variation in such factors as wage scales, markdowns, 
stock shrinkage and self-insurance losses, all of which have 
a marked effect on imputed costs. At best then, the costs 
assigned as being applicable to all Exchanges must be average 
costs for the Navy Exchange Program as a single entity. Costs 
aelaecaole GO a particular —Exehancemeemld omlyeoe derorminaa 
from an extenSive analysis conducted at that Exchange, not on 
the basis of a systemwide average. 

To determine the effect of order and carrying cost 


variations on EOQQ working inventory levels and total inventory 
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management costs under various order policies, fifty combina- 
fons Of Co and IJ were introduced as input data into the com- 
puter program in Appendix A. A portion of the output is 
moittated an Table IV=-2. 

At certain foreign Exchanges where wage scales are 
low, but adverse factors contributing to carrying costs tend 
to make them higher than average, order and carrying costs of 
$1.00 and 0.15 respectively would be more representative of 
real costs than the system average. An examination of manage- 
ment costs, annual savings, and inventory levels attributed 
Momenese coSt values proves extremely anteresting. an Cpe 
mal order policy, with an inventory restraint of 100% of 
that resulting from a monthly order cycle, will achieve annual 
savings of 88.8% of maximum attainable while holding the line 
on inventory at the $119,937.44 level. On the other hand, 
ordering by Order Factor Tables results in a savings of only 
75.0h.0f maximum attainable, in spite of the fact that the 
inventory level soars to $211,387.29. Once again, the in- 
ventory manager needs only a quick glance at the Optimal 
Policy Curve Figure IV-2 to discern this fact and decide on 
the best course of action to follow. The decision as to 
which order policy to follow would be elementary since, in 
this case, pursuing an Optimal Order Policy (Pt. "2'') re- 
Sults in both larger savings and a lower inventory level 
than Ordemameg from the Order Factor Tables (Pt. "4"). ) Order— 
ing on an Optimal Policy basis under an imposed inventory 


hestradgm, Of 125% would,in thas case, also result an 
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FIGURE IZ-2 


OPTIMAL POLICY CURVE 


Navy Exchange, NAB Little Creek, Va. 
290 


280 
270 
260 
250 
240 


230 







220 


© Order Factor\ Tables 
210 


200 
190 
180 
170 
160 
150 
140 


130 
| 
OF KK Re eRe meme --O 
Monthly Order 
Cycle 


110 
lOO 
90 


80 


A 2 14 16 18 20 22 24 #26 «28 «30 «0320«634)«63606«63806~ 64006420644 
TOTAL ORDERS (XI000) 





at 


achieving maximum savings since the resulting inventory level 
is the same as for an EOQ order basis (Pt. ''3''). 

A more detailed inspection of Table IV-2 discloses the 
fact that when the ratio of order cost to carrying cost =. 
is high, as for example at 20, a), the savings achieved 
through ordering on an Order Factor Table basis are consider- 


ably higher than realized through ordering on an Optimal 


Policy basis with an inventory restraint of 100%. Conversely, 


(1-00 
20 


realized on an Optimal Policy basis are greater. The break 


when this ratio is low, for example at 5, >», the savings 
point where savings are equal is ata Co >: I ratio of approxi- 
mately 7.5, as for example Co of $1.28 and an I of 0.17. 

This observed phenomenon can be attributed to the varying 
Slope of the lines of constant total management cost, as cost 
relationships between C, and I vary. At all combinations of 
Cy and I for which the ratio of Cy wel isso, the EOQ in= 
ventory level would be very close to $160,900.00. 

Once again, a simple mathematical analysis explains 
why the inventory management costs are the same for the two 
order policies represented by points 2 and 4. If a tangent 
line representing minimum total costs is drawn to the curve 
at an inventory level of $160,900, and perpendicular lines 
drawn to it from points 2 and 4, the lengths of these per- 
pendiculars are found to be equal, regardless of what com- 
bination of Cy : I is represented, provided that their ratio 
is 7.5. Since a perpendicular distance between lines of 


constant total cost represents an increment of cost, 
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perpendiculars of equal length would represent equal cost in- 
crements. These increments in turn represent a degree of 
inefficiency in comparison to the minimum or EOQ cost result- 
ing from an EOQ order policy. 

The point made in the two preceding paragraphs is a 
bit obscure. The observed phenomenon of equal costs, result- 
ing from the two order policies being compared when the Cy ae 
cost ratio is 7.5, was mentioned here by way of drawing atten- 
tion to the fact that as actual values of C, and I vary, so 
does the cost effectiveness of an order policy based upon 
arbitrarily assumed order and carrying costs. In the partic- 
ular model being analysed, ordering from the order factor 
tables always resulted in higher inventory levels than did 
ordering on an optimal policy basis. This drawback was off- 
set by lower total costs. However, if actual costs were such 
iia a ratio of = 7.5 existed, then ordering on an opti- 
mal policy basis produced not only a lower inventory level 


but lower total costs as well. Cost data tabulated in Table 


IV-2 substantiates this contention. For a cost ratio of 6.7 


UO 
( bs, 


basis (100% inventory restraint) would amount to $46,822. 


), total inventory management costs on an optimal policy 


while ordering on an order factor table basis would result in 


costs of $48,322. 





CHAPTER V 
SUMMARY AND RECOMMENDATIONS 


In this thesis, an attempt has been made to investi- 
gate the highly productive functional area of Scientific 
Inventory Management, where its tools, devices and techniques 
specifically relate to application in Navy Exchange operations. 
The simple mathematical treatment accorded more commonly used 
SIM formulas and concepts, was intended to fill a void which 
the author feels exists between procedures to be followed, as 
outlined in the Stock Control Handbook, and a thorough under- 
standing of the mathematical rationale underlying the con- 
cepts involved in mechanical application of these procedures. 
Even those managers who take a dedicated approach toward 
their duties - and the percentage is high - tend to apply 
new concepts mechanically rather than coming to grips with 
principles involved. Once these principles are thoroughly 
understood, efficient application follows naturally. 

Through adoption of scientific techniques, the fre- 
quency of stock-outs and of overstocking is reduced to an 
acceptable minimum, and the expense of handling inventory is 
likewise minimized. However, blind application of the tools 
of scientific inventory management will not guarantee manage- 
ment efficiency. Maximum utility of SIM formulas is realized 
only through their intelligent application by personnel fully 


aware of all facets of a particular inventory problem. They 
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must.be equally aware of the pitfalls to be encountered, as 
well as the benefits to be derived, through use of such 
powerful techniques as the Economic Order Quantity Concept. 
Both the advantages and disadvantages resulting from appli- 
cation of an EOQQ ordering policy were illustrated in Chapter 
fort . 

In the author’s research on the subject of EOQ, he 
erneountered hie device known as the Optimal Policy Curve, 
which was developed in Chapter III. It provides an inventory 
manager with the means to best utilize hiS knowledge and ex- 
perience to trade orders and inventory investment, one for 
the other, in order to optimize hiS own unique operation. 

In Chapter IV, this device was investigated by application 
of its technique to a real inventory situation with informa- 
tion provided by the Navy Exchange, United States Naval 
Amphibious Base, Little Creek, Va. 

The results of this investigation indicate that an. 
Optimal Order Policy, would provide individual Exchanges with 
a more flexible order policy than is now in effect. Such an 
order policy would be a logical extension of presently em- 
ployed SIM techniques, making full use of the powerful ad- 
vantages offered by computer applications. 

Its goal would be minimization of total inventory 
management costs under imposed restraints, dictated by the 
inherent limitations of a particular operation. In view 


of the benefits to.be derived from development of a 
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workable Optimal Order Policy, the author believes that addi- 
tional study of this powerful scientific management technique 


1s merited. 
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COMPUTER PROGRAM TO DEVELOP DATA FROM WHICH TO CONSTRUCT AN 
OPT IMAL VORDER “PORT @yeecun VE 


Purpose 


The purpose of this program is to compute order numbers- 
inventory level relationship data from which to construct an 
Optimal Order Policy Curve for the Navy Exchange operation, 
iewomelLattle Creek, Va. In additaon, the program computes 
order quantities, total numbers of orders processed annually, 
Heckine inventory levels, and tatal =anventory management secon. 
for various order policies (1) Monthly order cycle (2) EOQQ 
eaeer basis (3) Modified EOQ erder policy utilizing ‘order 
factor tables" and (4) Optimal Order Policy under varying 


levels of inventory restraint. 


Language 
Fortran II (CIBM 7040 Computer). 


Embpolic Dactaonary 


Meetaible S747 1/O** Descriperen 


CSTORD S I Ordemeecosu. 
CSTINV S I INnVenLOny vear cy iiemeoge 
FREQ S I Multiplication factor of 5 to com- 


pensate for uSing only every fifth 
Sd lewmv al Vemecon stOckmcarcdon 


Syed BS A I Annual sales per item. 


S - Single variable; A - Array of variables 
**XT = Input; O - Output 
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TEMP 


SKUNUM 


ORDNUM 


ORDIND 


ANYQ 
ANYINV 


SUMINV 


CSTMOC 


EOQ 
SUMEOQ 


EOQN 


SMEOQN 


EOQINV 


CSTEOQ 


DIFP 


Fea© 


SUMSRS 


S/A I/0 


> 


oS 


Descrs peo 


A holding variable utilized in @igeaae 
ing sales data in ascending order of 
annual Vioiwimes 

Total number of SKU's 


Total nunpe pore Gao we cm scG 
Annuae Piy—=MOnmriy (Occ. we vier. 


Annual number of orders processed 
Bem ae tie 


ltem GrdersGuantaty 
Ttem working anventony gle, el 


Total working inventory level = 
MOG h Lye Onc wma cles 


TOLaAL anvenbory. Nanacenen peos ta 
MOMGGI LE VE@ he i ey C he 


[tem order, Guantity = HOQ “order peasase 


Total working inventory level - 
EQOQ order basis. 


Number of orders processed annually 
per item - EOQ order basis. 


Total number of orders processed 
annually - EOQ order basis. 


Total working inventory level - 
EQQ order basis. 


Total anventory manavement eeouce— 
EOQQ order basis. 


Cost savings EOQ order policy compared 
TOPMOnith iy —OGderemeve mes ™pas Se 


Internal variable used to compare EQOQ 
inventory level with that of a monthly 
Order €y Glee 


Internal variable - same purpose as 
aDOWes. 


Sums of square roots of item sales. 
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PROD 
IE. 


PLTINV 


PLTORD 


AA 


WRKINV 


ORDERS 


TOTINV 


Co lOPC 


CSTDIF 


PeLOEC 


OPTQ 


OFTINV 


OFTORD 


S/A 1/0 


S cpus 
S O 
5 0 
S Q 
S —— 
S ee 
S O 
> O 
= O 
5 O 
> 0 
S O 
= O 
A O 


Cit desired) 


A O 
(if desired) 


A 0 


84 


Description 
Producenor DN x YINV 


Value of constant -K- 


Inventory level - half of ordered 
Pale wa nOpetmak, Pobre, seuryc 4p lois 


Number of orders processed - second 
half /of seraeced pain i Or wo hone 


Incremental internal variable - 
starts -ae8!1 ond vadds” one Siieourn 
each pass of DO loop. 


Incremental internal variable - 
each pass of loop adds 5% to level 
of inventory restraint. 


Optimal policy working inventory 
level at various incremental re- 
straints. 


Inventory restraint in terms of 
percent Of monthly order GCyeleoule am 


Total number of orders processed 
annually for various inventory re- 
straints on optimal polacy basis. 


Total working inventory level on 
Optitial poll ey sbpasis. 


Total inventory management cost for 
a particular level of restraint. 


Cost savings =~ optimal order policy 
compared (oO monthly eerde wecve ler 


Percentage of maximum Savings - 
Optimal policy compared to EOQ basis. 


item-order quantity = order factes 
Tap les Orders 1s. 


Item working inventory level - order 
factor tables order basis. 


Annual number of orders cost per 


Cif desired) item = order factor tables basis. 
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SIMINV 


SIMORD 


CSTOFT 


prEFOrT 


ECUOFRLT 


S/A 1/0 


S 


0 


Description 


Total working inventory levee 
order factor tables basis. 


Total number of orders processed 
annually - order factor table basis. 


Total anventory management cost - 
order factor tables basis. 


Annual savings - order factor tables 
basis compared to monthly order eycler 


Percentage of maximum possible 
Savings order factor tables basis 
compared to EOQ order basis. 
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9 (Tv'9) ALIUM 

(CT°9) ALIUM 
ANILSO x ANILOL + GYOLSO x SUTCYO = ODdOLSO OV 
(Cla  $ HEU XS £2 Gas be  XOC) Giwie ss os 

CE)OANY ‘CL)SAHIvS (6¢°9) ALIUM 

Ov OL OD C°OOT “AN °O) FI 
ANILOL + CI)ANIANV = ANILOL 
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CI)dYOLHO + GYOWIS = CYOWIS 
CIJANILHO + ANIWIS = ANIWIS 
ANNILNOO 

OAUd x CIJOLAO/CI)SHIVS = C1I)AYOLYO 
OFUd x “C/CI)OIO = CI)JANILAO 
aay Ose se (1 Odo 

Z9 OL OD 

Odd x CIVOLHO/CI)SHIVS = CI)AYOLAO 
OFdd x °C/CIJOIWO = CI)ANILHO 

a ely Clic sae Clo aO 
T9°O09'O9 COO°OO000E =- CI)SHIVS) dI 

Z9 OL OD 

OFUd x CI)OLAO/CI)SHIVS = CI)aYOLHO 


OFUd x °Z/CIVOLYO = CI)ANIZHAO 
te CL CL) Sa 1vS en er© 


6s“°sc‘ss (00°O00dL - CI)SHIVS) AI 

29 OL OD 

OFUd x CLI)OLO/(CIYSHIVS = CI)dYOLAO 
OFUd x “C/CIVOLHO = CI)ANILAO 


C°Tx “cI/C1)SHivS = (1)OLaO 


EG 9S 9S (00 00Ve — Cl) scaivereea. 

co OL OD 

OFUd x» CIVOLHO/CI)SAIVS = (CI)aYOLIO 
Odd x °2/CIVOLNO = CI)ANIIAO 


Ge 2 Cll Sets Creek, 


cc vS tS (00° 00CT - CI)SH IVS) Al 

Co Ole ® 

OFUd x CIJOLYO/(CI)SHIVS = CI)AYOLYO 
OFUd x °2/CIDOLYO = CI)ANIIAO 


Sn 7617 Gl) says = Ol a© 


es*esS es (€00°009 - CI)SHIVS) di 

C9 OL 20m. 

Odd » CIVOLAO/CI)SHIVS = CI)aYOLIO 
OFUd x °2/CIDOISO = CI)ANILAO 
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COMPUTER PRINT-OUT 


DATA FOR 3245. SKU INVENTORY MODEL. ANNUAL 
SALESADATA ON STAPLE STOCK  TIEMS OBTAINED 
PROMMIRAVY EXCHANGE] Ne Pilih eeecCR EEK Var 

THIS MODEL IS OPERATING ON A MONTHLY ORDER BASIS 


ITEM ITEM TOREe ORDER WORKING 
SALES FREQ. N ORDERS QUANTITY INVENTORY 
_ ord 5 2 60 $ O24 284s 1.04 
. 15 200 5 i 60 $ Laos Bele 
$ e500 5 12 60 $ ye Bile 
S 167-00 5 i 60 $ 1 42m 354 
$ 20.00 5 1 60 $ 1 67s AeA 
ome? 5125.00 5 12 60 S$. 59034750 bo ete 4ae ay 
$14,086.00 S 12 60 $1317 3.80 “oboe oe 
Zora LS BOA 5. 38940 S11 Once Gea 


PLOY DATA FOR 324535 Wien ein ENO. CEERI |G 
ON A MONTHLY ORDER CYCLE 


BeLUAL SALES DATA OBTAINED FROM NAVEXCH Et ELE SCR Bae 


MORKING INVENTORY LE VE = sere eee SL 10> Osea 
ANNUAL NUMBER OF ORDERS CUT = ........ 38,940 

TOTAL INVENTORY MANAGEMENT COST = ....$ 61,836.94 
ORDER COST PER ITEM PER ORDER = ...... $ 28 
INVENTORY CARRYING COST - PERCENT PER ANNUM = .10 


PLOT DATA FOR INVENTORY MODEL WITH ORDERING 
PERFORMED ON AN ECONOMIC ORDER QUANTITY BASIS. 


ACTUAL YSALES DATA OBTAINED PROM Nave, COSr Tere eee 


WeRM@ENG INVENTORY LEV Ee. geste corre Deen coor OO 
PNNUA NUMBER OF ORDERS 8@UT 9c 16,436 
TOTAL INVENTORY MANAGEMENT COST = ....$ 42,076.73 


ANNUAL SAVINGS REALIZED THROUGH EOQ = $ 19,760.21 
EOQ WORKING INVENTORY LEVEL HAS INCREASED TO 175.4 
PERCENT OF LEVEL RESULTING FROM MONTHLY ORDER CYCLE 
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WORKING INVENTORY 


St f+ GG GGG A GALA PP PAS A APD SAGE PF HAPAD MHF HYUDN 


Pay SPORT ORRIMAL -POLIGY CURVE PEOr TVCEUDING 


VALUES OF -K- 


20790.36 
41980./2 

6Zor 103 
83161.44 
Ow 1.79 
124742.15 
a oe 2 
Boe ee- .o/ 
Pod 25 
Z07 903.59 
BOO) 5.9) 
249484 .31 
270274.66 
pot 00D. 02 
De SDs oc 
332645.74 
Set 5O. LO 
374226 .46 
395016.82 
415807 .18 
436597 .54 
457387 .89 
478178.25 
498968.61 
519748.97 
540549 .33 
BOs 59.09 
SO2 howe) 
602920.41 
oo ( LOM 7 
644501.12 
665291.48 
686081 .84 
106872.20 
(2 FOGzZE 
748452 .91 
769243 .27 
(OCS os 
810823 .99 
16 14.35 


BOR CALIBRATION 


TOTAL ORDERS 
Foes. 


oo Rion 
55441 
41581 
552705 
27720° 
2D 
20790 
18480 
FooS2 
bol 
Loo 
12794 
11880 
11088 
10395 
9784 
9240 
87 54 
SLO 
7920 
7560 
on 
6930 
Coss 
Com 
6160 
5940 
Siero 
5544 
2565 
Se 
5040 
4892 
4752 
4620 
4495 
4377 
4265 
4158 


OR MOaeaC. CURVE: 


K VALUE 


hI 
SGoOovouwmonnAtoacuusbS WRN NPHO 
® c v o & o a e 8 e e a 
Vee Je Yuet O”mOoMNOUONenNOououUl 


heh 
b+ 
e 6 


E20 
tae 
bow 
Lo 
14.0 
14.5 
Lone 
ED. 2 
Lo. 0 
10 2 
ie 
p> 
Eo 20) 
Oi) 
oO 
toe 
zeae 
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Ley 


ORDER QUANTITIES FOR EACH ITEM OF INVENTORY WHEN 
ORDERING PERFORMED ON OPTIMAL POLICY BASIS WITH 
PNVENTORYSRESTRAINT FIXED ALT POO PERCENT OF LEVE2 
CARRIED WHEN OPERATING ON MONTHLY ORDER CYCLE. 


ANNUAL SALES ORDER 
PER ITEM QUANTITY 
$ 5.00 $ 6.45 
¢ P5010 Coe eae 
$ Sow Ci, 
$ 17.06 $ 11.89 
$ 20.00 S12 706 
¢ 7125.00 $ 243.48 
$¢ 14086.00 Soden 


PLOT DATAy FOR OPT IMAL POLICY ORDERS EAS isewi tH 
RESTRAINT LIMITING WORKING INVENTORY TO 100. PERCENT 
OF LEVEL CARRIED WHEN OPERATING ON MONTHLY ORDER CYCLE. 
ACTUAL SALES DATA OBTAINED FROM NAVEXCH LITTLE CREEK VA 


VALUE OF CONSTANT -K- FOR THIS INVENTORY = 2.884 


WORKING UNVENTORY LE Vi be= 91.7 ene eee Ct Ces 7 a4. 
ANNUAL NUMBER OF ORDERS CUT = ......... 28831. 
TOTAL INVENTORY MANAGEMENT COST = ....$ 48897.38 
ANNUAL SAVINGS THROUGH OPTIMAL POLICY=$ 12939.56 
PERCENTAGE OF MAX. POSSIBLE SAVINGS = . Gis 


PELOL DATA” FOR OPTIMA. POUrCyY TORDER weno om iy hud 
RESTRAING LIMITING WORKING ANVENTORY] 10 el2>. PERCENE 
OP LEVEL CARRIED WHEN OPERATING ON @MONGHEY ORDERS GY CLES 
ACTUAL SALES DATA OBTAINED FROM NAVEXCH LITPLE CREEK VA 


VALUE OF CONSTANT -K=- FOR THIS INVENTORY = 3.606 
WORKING) INVENTORY LEVEL =) 2 enone $ 149921.82 
ANNUAL NUMBER OF ORDERS CU) = Sees ZO 005. 
TOTAL INVENTORY MANAGEMENT COST = ....$ 44515.09 
ANNUAL SAVINGS THROUGH OPTIMAL POLICY=$ 17321.85 
PERCENTAGE OF MAX. POSSHEREESsAy INGS .—=- a 


PLOT DATA FOR OPTIMAL POLICY ORDER BASIS WITH 
RESTRAINED LIMITING WORKING INVENTORY TO 1350. PERCENE 
OF LEVEL CARRIED WHEN OPERATING ON MONTHLY ORDER CYCLE. 
ACTUAL SALES DATA OBTAINED FROM NAVEXCH LITTLE CREEK VA 


VALUE OF CONSTANT -K=- FOR THIS INVENTORY = 4.327 
WORKING SINVENTORY LEVEL. =. 2opecietes eee $ 179906.16 
ANNUAL NUMBER OF ORDERS CUT = ......... 19221. 

TOTAL INVENTORY MANAGEMENT COST = ....$ 42593.04 





ANNUAL SAVINGS THROUGH OPTIMAL POLICY=$ 19243.90 
PERCENTAGE OP MAX SPOsS tbe bere NGS se —e. 97.4 


PLOL Mera FOR (OPTIMAL Orie yon DER SEs ioe li 
RESTRAINT LIMITING WORKING INVENTORY HO 175. PERCE 
Or LEVEL CARRIED WHEN OPERATING ON MONTY ORDER Ci¢ree 
Beuunl SALES DATA OBTAINED FROME EXCH eo) rE Crit aa. 


VALUE OF CONSTANT «K= BOR THIS INVENTORY = 5.048 
WORKING INVENTORY LEVEL = .....cec-ce- S 209890.53 
ANNUAL NUMBER OF ORDERS CUT = ......... holo. 

TOTAL INVENTORY MANAGEMENT COST = ....$ 42076.85 
ANNUAL SAVINGS THROUGH OPTIMAL POLICY=$ 19760.10 
PERCENTAGE OF MAX. POSSIBLE SAVINGS = . 100.0 


PLOT DATA FOR INVENTORY MODEL RESULTING FROM 
ORDERING IN QUANTITIES INDICATED IN ORDER FACTOR TABLE. 
(NOTE - THIS IS NOT AN OPTIMAL INVENTORY). 


WORKING INVENTORY LEVEL = .....2...cce. S 2Q1iserveeo 
ANNUAL NUMBERS OF ORDERS CUT = ........ loo lean 
TOTAL INVENTORY MANAGEMENT COST = ....$ 42404.65 


ANNUAL SAVINGS THROUGH USE OF O.F.T. =$ 19432.30 
PERCENTAGE OF MAX. POSSIBLE (33) ING] fa OSS 
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Minem Problem. Prove the validity of the Tollowine stavemen 


toring the @Gemstante ck ) that will reduce the 


Kael 
level of working invéntory, in a given multi-item inventory, 
fo a Minimum while holding the number of Orders processed 
annually at a constant number, divide the sum of the square 
roots of the item annual sales by the desired number of 
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Meiers.” 





LVS; 


° eee 
ij.e. Key = S : (Equation III-6) 
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Assumption. 


In a given inventory, the Optimal selatitonsii ony ae 
exist between average working inventory and the total num- 
ber of orders processed annually, when the individual order 
Quantities are a function of the square root of the individ- 


Mew anintwal atrem Sales, times ageconmsranke 


Eoluti0n. 


in any given multipte atemean enwen, Seay on - 
oe al. 
2 2 ees 
We=C)qg +I)a (1) 
1 1 


Imposing a restraint on the total number of orders 


in the general form of: 





EO 


C2) 


rai = Dh 
rf 
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The problem is to minimize total variable costs of inventory 
management CTVC) subject to the given order numbers restric— 
tion. The mathematical technique for accomplishing this 


53,54 


task is to use Lagrangian multipliers Wie wa eine 


restraint as an equation equal to zero, 


ke 
fre 


re na Nee (3) 
a il 
We now form the Lagrangian (L) by adding 4, the multiplier, 


times equation (3) to (1), the equation to be minimized. 


iittas fives: 


Y 


O 
fas 


lf 
C) 
Hed 
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2 re - ),N; ) = 0 
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Meemuist: then minimize L over qs and Ee ~lakine partial de— 


mivarives andecaquating them to) zZzetomwemce se 








Se Se 
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Solving for qj in equation (5) 
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The proof of equation III-7 can be obtained in the same 


manner. 


mies problLenm. 
town une tie sc Ons tant CK, 0 ) that will reduce the num= 


ber of orders in a given inventory to a minimum while holding 





Lee 


the working inventory level constant, divide the sum of the 


order quantities by the sum of the square roots of the annual 


Sales. 
aoe .. ee 
tees KR LO. Ene: oe Equation fii-7 
Ps 
al 


Pssumption. Same as above. 


Selution. 


The same rationale is applied to the proof of Eq. III- 


meas to Eq. JII-6. 
= _ os 
TVG = or I) 5 (1A) 
i a 


Imposing a restraint on working inventory level in the form 


of: 


ye = ). INV, (2A) 
; 


al = 
y oi - ) INV, = 0 (3A) 
all af 
p=c, Yet + rY He CY S-Sw, = 0 
O La; Z ae a ; 
1 1 at 


(4A ) 
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ov _ Oa al i 
Tc ee ae a ae (5A) 
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a 
wb 2 y <i - ) INV, = 0 (6A) 
3d = p i 
1 i 
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Substituting the value of qi from (7A) into (6A) 


2 ©. 
Tay * LSr 
peas a eee 
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POF Ba 
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Oe Eis 


Note. In the proofs offered above, the Lagrangian multi-+ 
Peter Ais MOt san arbitrary mechanicat device. ft plays 
the role of a cost in formulation of the Lagrangians (L). 
Mimecach case ) iS imbamately related To The ampured costs 
resulting from pursuing optimal order policies under re- 
strictions. In most economic problems in which it is 
mecessary to use Lagrangzan multipizer methods, it develope 


Similarly that X} has a very baSic economic significance. 
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